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Clinical PerspectiveWhat Is New?Patients who need additional lowering of low‐density lipoprotein‐cholesterol (LDL‐C) despite statin therapy may benefit from additional lipid‐lowering therapy such as evolocumab or alirocumab (proprotein convertase subtilisin/kexin type 9 inhibitors \[PCSK9\]).A systematic literature review found 74 total studies that explored LDL‐C lowering in patients receiving statin background therapy; of these, 15 were used to conduct a network meta‐analysis of evolocumab, alirocumab, and ezetimibe.A network meta‐analysis found that evolocumab 140 mg every 2 weeks reduced LDL‐C by 74% versus placebo and 46% versus ezetimibe; alirocumab 75 mg every 2 weeks, 54% and 26%; alirocumab 150 mg every 2 weeks, 60% and 32%; evolocumab 420 mg every month, 72% and 48%; and alirocumab 300 mg every month, 52% and 28%.What Are the Clinical Implications?Studies of PCSK9 inhibitors in a range of populations and risk profiles have consistently showed a substantial relative reduction in LDL‐C additional to that provided by statins---often more than 60%, as shown in the present analysis.Such incremental LDL‐C reduction can allow patients with high unmet need (eg, those at very high cardiovascular risk) to achieve LDL‐C levels below target, which is expected to reduce their residual risk of cardiovascular events.

 {#jah32489-sec-0008}

Lowering low‐density lipoprotein cholesterol (LDL‐C) levels with statins reduces the risk of atherosclerotic cardiovascular disease (CVD).[1](#jah32489-bib-0001){ref-type="ref"}, [2](#jah32489-bib-0002){ref-type="ref"}, [3](#jah32489-bib-0003){ref-type="ref"}, [4](#jah32489-bib-0004){ref-type="ref"}, [5](#jah32489-bib-0005){ref-type="ref"}, [6](#jah32489-bib-0006){ref-type="ref"} The IMPROVE‐IT trial[7](#jah32489-bib-0007){ref-type="ref"} substantiates that LDL‐C reduction with nonstatin therapy further reduces risk of CVD, although the absolute reduction in cardiovascular events was small because of modest LDL‐C lowering with ezetimibe on top of a statin.[8](#jah32489-bib-0008){ref-type="ref"} There remains, however, a population of high‐risk patients who have elevated LDL‐C despite statin therapy and who have residual risk of cardiovascular events and mortality.[9](#jah32489-bib-0009){ref-type="ref"} As a result, there is an unmet need for new therapies to provide this high‐risk population with incremental LDL‐C reduction beyond that which can be achieved by statins and other oral lipid‐lowering therapies. Moreover, there is evidence that the lower LDL‐C achieved provides further risk reduction.[10](#jah32489-bib-0010){ref-type="ref"}, [11](#jah32489-bib-0011){ref-type="ref"}

Produced mostly in the liver, proprotein convertase subtilisin/kexin type 9 (PCSK9) in plasma binds to hepatic LDL receptors on the cell surface and targets them for degradation, thereby decreasing the number of LDL receptors and increasing LDL‐C levels. PCSK9 was identified as a target when people with variants that upregulated or downregulated this protein led to, respectively, greater and lesser risk of cardiovascular events.[6](#jah32489-bib-0006){ref-type="ref"} The PCSK9 inhibitors evolocumab and alirocumab were recently approved for LDL‐C reduction when added to maximally tolerated statin therapy.

To date there are no head‐to‐head studies comparing the LDL‐C--lowering capacity of PCSK9 inhibitors to each other. In the absence of such trials indirect treatment comparisons and network meta‐analyses based on a robust systematic literature review can inform evidence‐based healthcare decision making.[12](#jah32489-bib-0012){ref-type="ref"} Within network meta‐analyses, indirect treatment comparison allows the comparison of 2 therapies that share a common comparator,[13](#jah32489-bib-0013){ref-type="ref"} whereas mixed treatment comparison allows a combination of direct and indirect evidence.[14](#jah32489-bib-0014){ref-type="ref"}, [15](#jah32489-bib-0015){ref-type="ref"}

Systematic reviews with subsequent meta‐analyses have been conducted using clinical studies of PCSK9 inhibitors.[16](#jah32489-bib-0016){ref-type="ref"}, [17](#jah32489-bib-0017){ref-type="ref"}, [18](#jah32489-bib-0018){ref-type="ref"}, [19](#jah32489-bib-0019){ref-type="ref"}, [20](#jah32489-bib-0020){ref-type="ref"} However, such studies have either pooled PCSK9 inhibitors together as a class[16](#jah32489-bib-0016){ref-type="ref"}, [17](#jah32489-bib-0017){ref-type="ref"}, [18](#jah32489-bib-0018){ref-type="ref"}, [19](#jah32489-bib-0019){ref-type="ref"} or provided pooled efficacy estimates for evolocumab versus control and alirocumab versus control without making any formal indirect comparisons.[20](#jah32489-bib-0020){ref-type="ref"} Finally, none of the meta‐analyses specifically focused on patients whose hypercholesterolemia was not controlled with statin therapy alone, the primary populations for which evolocumab and alirocumab are indicated.[21](#jah32489-bib-0021){ref-type="ref"}, [22](#jah32489-bib-0022){ref-type="ref"}, [23](#jah32489-bib-0023){ref-type="ref"}, [24](#jah32489-bib-0024){ref-type="ref"}

We therefore conducted a systematic review and network meta‐analysis to compare LDL‐C reduction with evolocumab to other lipid‐lowering therapies (including alirocumab) in patients receiving statin background therapy.

Methods {#jah32489-sec-0009}
=======

Objectives, Study Selection, Quality Assessment, and Data Abstraction {#jah32489-sec-0010}
---------------------------------------------------------------------

We conducted this systematic review and network meta‐analysis with a target population of patients with hypercholesterolemia whose condition is not adequately controlled according to European lipid goals[25](#jah32489-bib-0025){ref-type="ref"} with moderate‐ to high‐intensity statin background therapy and who remain at risk of cardiovascular events. The therapies (ie, interventions) we assessed were evolocumab and other pharmacologic agents for the management of hypercholesterolemia. The control for each therapy was placebo (ie, background statin therapy alone) and all other therapies that share a common comparator. The efficacy outcomes of interest were percentage change from baseline in LDL‐C, high‐density lipoprotein cholesterol (HDL‐C), non‐HDL‐C, apolipoprotein B (ApoB), and lipoprotein (a) \[Lp(a)\] and cardiovascular events (not the focus of this article owing to a lack of available data for analysis). The safety outcomes of interest were any adverse event (AE), treatment‐related AE, and serious AE.

The systematic review adhered to methods published by the Centre for Reviews and Dissemination[26](#jah32489-bib-0026){ref-type="ref"} and the Cochrane Collaboration.[27](#jah32489-bib-0027){ref-type="ref"} Randomized studies were included if they enrolled adults (≥18 years) with primary familial or nonfamilial hypercholesterolemia who were candidates for evolocumab or other pharmacological lipid‐lowering therapies added to statins. Only studies with ≥12 weeks of follow‐up and ≥10 patients per group were included. Studies were excluded if they included patients with organ transplantations, infectious diseases such as HIV/AIDS, New York Heart Association grade III‐IV heart failure, or stage 4 or 5 renal dysfunction. Studies were excluded if patients were only receiving a low‐intensity statin as background, as were those that solely studied statin therapy. Only doses and frequencies that are marketed in the United States or European Union or investigated in phase 3 studies were included.

We searched MEDLINE, Embase, the Cochrane Databases of Systematic Reviews and Controlled Trials CENTRAL, the Database of Abstracts of Reviews of Effects, and the Health Technology Assessment Database from inception to August 2016. The search strategy was limited where possible to randomized studies and those in humans but was not limited by date or language. We searched clinical trial registries and conference abstracts, presentations or posters, in order to identify unpublished studies. For studies sponsored by Amgen, the sponsor of the evolocumab clinical trial program, we used both publications and clinical study reports. Keywords for the searches included the hypercholesterolemia disease state and all therapies used to modify atherogenic lipids (see Data [S1](#jah32489-sup-0001){ref-type="supplementary-material"}). For quality assurance, the Embase search strategy was peer‐reviewed by a second information specialist using the Canadian Agency for Drugs and Technologies in Health peer review checklist.[28](#jah32489-bib-0028){ref-type="ref"}

Two independent reviewers screened titles and abstracts to exclude records that obviously did not meet inclusion criteria; 2 reviewers then obtained and independently screened full texts for inclusion in the systematic review.

Data were extracted by 1 reviewer and independently checked for errors by another reviewer. The same process was used to assess the methodological quality of all included studies using the Cochrane Collaboration Risk of Bias Assessment Tool.[27](#jah32489-bib-0027){ref-type="ref"} Throughout the screening and data extraction process, discrepancies between reviewers were resolved through discussion or by consulting a third reviewer.

Data Synthesis and Analysis {#jah32489-sec-0011}
---------------------------

Networks were created including studies that provided sufficient data for synthesis and with the aim of ensuring as much homogeneity as possible (eg, based on study design and clinical characteristics). All available data from the included studies were incorporated except data from patients in evolocumab studies with no statin use before enrollment (30% of LDL‐C Assessment w/PCSK9 MonoclonaL Antibody Inhibition Combined with Statin ThErapy -- 2 (LAPLACE‐2))[29](#jah32489-bib-0029){ref-type="ref"} and patients assigned to diet alone based on their cardiovascular risk (12% of Durable Effect of PCSK9 antibody CompARed wiTh placEbo Study (DESCARTES)).[30](#jah32489-bib-0030){ref-type="ref"}

We conducted meta‐analyses only if the underlying studies were considered to be statistically and clinically homogenous. We assessed statistical heterogeneity with the chi‐squared test (*P*\<0.10 was considered significant for heterogeneity) and the I^2^ value and by visual inspection of the forest plots. We could not assess publication bias because there were not enough studies in each direct meta‐analysis to generate a funnel plot. Stata (StataCorp; College Station, TX) version 13.1 was used to conduct direct meta‐analyses using random effects models. To explore the robustness of results, sensitivity analyses were performed by excluding specific studies (eg, if they were associated with heterogeneity in direct meta‐analyses, or unique populations such those enrolled in studies conducted in Japan) or by relaxing inclusion criteria and including additional studies.

The network meta‐analysis was conducted using Bayesian models[31](#jah32489-bib-0031){ref-type="ref"} in WinBUGS (MRC Biostatistics Unit; Cambridge, UK) version 1.4.3. We estimated the mean treatment difference or risk ratio for each comparison after an initial burn‐in of 40 000 Markov chain Monte Carlo simulations, followed by a further 40 000 simulations. Two chains were used. We used noninformative normal priors (mean 0, variance 10 000) for treatment effects and a noninformative uniform prior (interval 0, 5) to estimate the between‐study standard deviation. We assessed convergence and autocorrelation by monitoring the trace and autocorrelation plots in WinBUGS. None of the models showed any problems with convergence. We obtained the median estimate of the mean difference or risk ratio from the posterior distribution and reported it with the 2.5% and 97.5% estimates of the distribution (the 95% credible interval \[CrI\]). We assessed model fit using residual deviance and the deviance information criterion. All analyses used random‐effects models and the treatment effect from each study (ie, mean difference, rather than the mean and standard error for each group).

Within the network meta‐analysis, we reviewed assumptions of homogeneity based on the I^2^ statistic from the direct meta‐analyses, similarity using the baseline characteristics and designs of the included studies, and consistency using the IFPLOT command in Stata in comparisons with both direct and indirect comparisons. We conducted sensitivity analyses to explore any heterogeneity by excluding individual studies or those in different populations. We also conducted sensitivity analyses combining both evolocumab dosing groups and including studies with all background therapies.

We excluded on a post hoc basis nodes in the networks that included fenofibrate or anacetrapib from this article. The anacetrapib arm was excluded because this cholesterylester transfer protein inhibitor\'s cardiovascular outcomes trial is ongoing, and all of the prior trials in this drug class have been neutral or negative in risk reduction.[32](#jah32489-bib-0032){ref-type="ref"} Moreover, a recent meta‐analysis of lipid‐lowering therapy found that therapies that upregulated LDL receptor function were linearly associated with reductions in cardiovascular events per 1 mmol/L reduction in LDL‐C. This relationship was less consistent with fibrates and cholesterylester transfer protein inhibitors, and statin‐era trials in particular were negative or neutral in reducing cardiovascular events.[5](#jah32489-bib-0005){ref-type="ref"} We also excluded bococizumab after Pfizer announced they were halting clinical and commercial development of this PCSK9 inhibitor.[33](#jah32489-bib-0033){ref-type="ref"} Pfizer noted in its press release that studies of bococizumab showed reduced efficacy over time and more injection‐site reactions than evolocumab and alirocumab.[33](#jah32489-bib-0033){ref-type="ref"}

Evolocumab can be administered as 140 mg every 2 weeks (Q2W) or 420 mg monthly (QM), and we generated separate networks for each dosing option. The co--primary end points for most evolocumab studies were the percentage change in LDL‐C from baseline to the mean of 10 and 12 weeks and to week 12. The co--primary end point of 10 and 12 weeks allows a better representation of the efficacy of evolocumab across the dosing period, particularly for monthly administration, and is included in international prescribing information. To be concise, this analysis for evolocumab (140 mg Q2W) is the focus of the main text and sensitivity analysis. Key results for week 12 are reported in Figure [S1](#jah32489-sup-0001){ref-type="supplementary-material"}. Because data from some comparator studies were available only for follow‐up of longer than 12 weeks (eg, up to 78 weeks), we analyzed values using evolocumab at the mean of 10 and 12 weeks or at week 12 versus comparators at ≥12 weeks. In practice, week‐12 data were available for percentage reduction in LDL‐C but less consistently for other lipid end points.

If the outcome was not available at week 12, we used the nearest time point after week 12. For alirocumab studies, in which dose titration is often employed, we specifically aimed to analyze patients who were taking only 75 mg Q2W, only 150 mg Q2W, or only 300 mg QM.

Results {#jah32489-sec-0012}
=======

Figure [1](#jah32489-fig-0001){ref-type="fig"} displays the systematic review flow diagram. The systematic review found 45 058 unique records, of which 44 318 were excluded based on the title and abstract. The full papers of the 740 remaining records were assessed for eligibility, and 502 were excluded with reasons, leaving 238 records reporting 74 studies (studies and records included and excluded are displayed in Data [S2](#jah32489-sup-0001){ref-type="supplementary-material"}). These 74 studies had study data available, and 69 of them focused on a population requiring further LDL‐C reduction while on maximally tolerated statin therapy. The remaining 5 studies were in statin‐intolerant patients. Table [S1](#jah32489-sup-0001){ref-type="supplementary-material"} displays population characteristics of the studies.

![Study flow diagram of the systematic review. Articles in the "Excluded Papers" stage could be excluded for ≥1 reason. The network meta‐analysis of statin‐intolerant patients yielded a small sample size and did not include pending results of a phase 3 study of evolocumab in this population. LDL ‐ C indicates low‐density lipoprotein cholesterol; NMA, network meta‐analysis.](JAH3-6-e005367-g001){#jah32489-fig-0001}

A total of 54 studies were excluded from all LDL‐C networks (Table [S2](#jah32489-sup-0001){ref-type="supplementary-material"}), and 15 in which patients predominantly received moderate‐ or high‐intensity statin background therapy were included in the primary networks (ie, those most closely aligned with the research question) (Table [1](#jah32489-tbl-0001){ref-type="table"}, Figure [2](#jah32489-fig-0002){ref-type="fig"}).[29](#jah32489-bib-0029){ref-type="ref"}, [30](#jah32489-bib-0030){ref-type="ref"}, [34](#jah32489-bib-0034){ref-type="ref"}, [35](#jah32489-bib-0035){ref-type="ref"}, [36](#jah32489-bib-0036){ref-type="ref"}, [37](#jah32489-bib-0037){ref-type="ref"}, [38](#jah32489-bib-0038){ref-type="ref"}, [39](#jah32489-bib-0039){ref-type="ref"}, [40](#jah32489-bib-0040){ref-type="ref"}, [41](#jah32489-bib-0041){ref-type="ref"}, [42](#jah32489-bib-0042){ref-type="ref"}, [43](#jah32489-bib-0043){ref-type="ref"}, [44](#jah32489-bib-0044){ref-type="ref"}, [45](#jah32489-bib-0045){ref-type="ref"} We created separate networks for comparing evolocumab to other lipid‐lowering therapies by dosing regimen: 140 mg Q2W or 420 mg QM (Figure [2](#jah32489-fig-0002){ref-type="fig"}). Both networks included placebo and ezetimibe (10 mg daily). The evolocumab 140 mg Q2W network also included alirocumab 75 mg and 150 mg Q2W; the evolocumab 420 mg QM network included alirocumab 300 mg QM.

###### 

Specific Details About Studies Included in Main Q2W or QM Network

  Study Name                                                   Follow‐Up, Weeks   Age, y[a](#jah32489-note-0003){ref-type="fn"}        Investigational Drug and Dose                           Control              Type HC                   CVD Risk Status                        FH Status                Type 2 Diabetes Mellitus Status   Obesity Status                  Background Therapy
  ------------------------------------------------------------ ------------------ ---------------------------------------------------- ------------------------------------------------------- -------------------- ------------------------- -------------------------------------- ------------------------ --------------------------------- ------------------------------- -------------------------------------------------------------------------------
  DESCARTES[30](#jah32489-bib-0030){ref-type="ref"}            52                 55.9 (10.8)[b](#jah32489-note-0004){ref-type="fn"}   EvoMab 420 mg QM                                        Placebo              Primary or secondary HC   With or without CVD or equivalent      NR/unclear               With and without                  All                             Diet through 80 mg atorvastatin+ezetimibe
  LAPLACE‐TIMI 57[34](#jah32489-bib-0034){ref-type="ref"}      12                 62.0 (55.0‐67.0)                                     EvoMab 70, 105, or 140 mg Q2W; 280, 350, or 420 mg QM   Placebo              Primary HC                Without prior CVD                      NR/unclear               With and without                  Overweight                      Statin±ezetimibe at physician discretion
  LAPLACE‐2[29](#jah32489-bib-0029){ref-type="ref"}            12                 59.6 (9.9)[b](#jah32489-note-0004){ref-type="fn"}    EvoMab 140 mg Q2W; 420 mg QM                            Placebo              Mixed dyslipidemia        NR/unclear                             NR/unclear               With and without                  Overweight                      Moderate to high dose atorvastatin or rosuvastatin, moderate dose simvastatin
  YUKAWA‐1[35](#jah32489-bib-0035){ref-type="ref"}             12                 61.5 (9.7)                                           EvoMab 70 or 140 mg Q2W; 280 or 420 mg QM               Placebo              Primary or secondary HC   With or without CVD or equivalent      NR/unclear               With and without                  Overweight                      Statin as prescribed by physician
  YUKAWA‐2[36](#jah32489-bib-0036){ref-type="ref"}             12                 62 (11)[b](#jah32489-note-0004){ref-type="fn"}       EvoMab 140 mg Q2W; 420 mg QM                            Placebo              Primary or secondary HC   With or without CVD or equivalent      HoFH and HeFH eligible   With and without                  NR/unclear                      20 mg atorvastatin (intensive dose for Japanese population)
  McKenney 2012[37](#jah32489-bib-0037){ref-type="ref"}        12                 56.7 (10.0)                                          AliMab 50, 100, 150, or 200 mg Q2W; 300 mg QM           Placebo              Primary HC                NR/unclear                             NR/unclear               With and without                  Overweight                      10, 20, 40 mg atorvastatin
  ODYSSEY CHOICE I[41](#jah32489-bib-0041){ref-type="ref"}     56                 60.7 (9.1)[c](#jah32489-note-0005){ref-type="fn"}    AliMab 75 mg Q2W or 300 mg QM                           Placebo              Primary HC                Moderate‐ to very‐high‐ risk, no CVD   HoFH excluded            With and without                  Normal, overweight, and obese   Maximally‐tolerated atorvastatin, rosuvastatin, or simvastatin
  ODYSSEY COMBO I[40](#jah32489-bib-0040){ref-type="ref"}      52                 63.0 (9.5)[d](#jah32489-note-0006){ref-type="fn"}    AliMab 75 mg Q2W                                        Placebo              Primary or secondary HC   With or without CVD or equivalent      No FH patients           With and without                  NR/unclear                      Maximally tolerated statin with/without other lipid‐lowering therapy
  ODYSSEY COMBO II[38](#jah32489-bib-0038){ref-type="ref"}     104                61.7 (9.4)[d](#jah32489-note-0006){ref-type="fn"}    AliMab 75 mg Q2W                                        Ezetimibe            Primary or secondary HC   With or without CVD or equivalent      NR/unclear               NR/unclear                        NR/unclear                      Stable maximally tolerated statin therapy
  ODYSSEY HIGH FH[39](#jah32489-bib-0039){ref-type="ref"}      78                 49.8 (14.2)[d](#jah32489-note-0006){ref-type="fn"}   AliMab 150 mg Q2W                                       Placebo              HeFH only                 NR/unclear                             HeFH only                NR/unclear                        NR/unclear                      Maximally tolerated statin with/without other lipid‐lowering therapy
  ODYSSEY JAPAN[45](#jah32489-bib-0045){ref-type="ref"}        24                 60.3 (9.7)[d](#jah32489-note-0006){ref-type="fn"}    AliMab 75 mg Q2W                                        Placebo              NR/unclear                With or without CVD                    NR/unclear               NR/unclear                        NR/unclear                      Stable lipid lowering therapy
  ODYSSEY LONG TERM[46](#jah32489-bib-0046){ref-type="ref"}    78                 60.4 (10.4)                                          AliMab 150 mg Q2W                                       Placebo              Primary HC                With or without CVD or equivalent      HeFH included            NR/unclear                        NR/unclear                      Maximally tolerated statin with/without other lipid‐lowering therapy
  ODYSSEY OPTIONS I[42](#jah32489-bib-0042){ref-type="ref"}    24                 64.2 (10.4)[e](#jah32489-note-0007){ref-type="fn"}   AliMab 75 mg Q2W                                        Placebo, ezetimibe   Primary or secondary HC   CVD or equivalent                      Non‐FH or HeFH           With and without                  NR/unclear                      Statins according to study group assignment
  ODYSSEY OPTIONS II[43](#jah32489-bib-0043){ref-type="ref"}   24                 57.9 (8.9)[f](#jah32489-note-0008){ref-type="fn"}    AliMab 75 mg Q2W                                        Placebo, ezetimibe   Primary or secondary HC   CVD or equivalent                      Non‐FH or HeFH           NR/unclear                        NR/unclear                      Statins according to study group assignment
  Masana 2005[44](#jah32489-bib-0044){ref-type="ref"}          48                 61 (28‐83)[g](#jah32489-note-0009){ref-type="fn"}    Ezetimibe                                               Placebo              Primary or secondary HC   With or without CVD or equivalent      NR/unclear               With and without                  Overweight                      Up to 80 mg simvastatin

CVD indicates cardiovascular disease; EvoMab, evolocumab; FH, familial hypercholesterolemia; HC, hypercholesterolemia; HeFH, heterozygous familial hypercholesterolemia; HoFH, homozygous familial hypercholesterolemia; NR, not reported; Q2W, every 2 weeks; QM, monthly.

Values are mean (standard deviation) or median (interquartile range). Mean age for all patients given unless unavailable, in which case the intervention group was used (marked with footnote). There was no indication in the references that ages were statistically different between groups.

All evolocumab patients.

Alirocumab 75 mg Q2W taking statins.

All alirocumab patients.

Alirocumab 75/150 mg Q2W+atorvastatin 40 mg.

Alirocumab 75/150 mg Q2W+rosuvastatin 20 mg.

All ezetimibe patients. Values in parentheses represent the range of ages observed.

![Network of available connections for comparing change in LDL‐C. A, Evolocumab 140 mg Q2W (every 2 weeks). B, Evolocumab 420 mg QM (every month). Lines between boxes denote direct comparisons. AliMab indicates alirocumab; EvoMab, evolocumab; EZE, ezetimibe; LDL‐C, low‐density lipoprotein cholesterol; ODY, ODYSSEY.](JAH3-6-e005367-g002){#jah32489-fig-0002}

There were 4 studies of evolocumab[29](#jah32489-bib-0029){ref-type="ref"}, [34](#jah32489-bib-0034){ref-type="ref"}, [35](#jah32489-bib-0035){ref-type="ref"}, [36](#jah32489-bib-0036){ref-type="ref"} LDL‐C Assessment w/PCSK9 MonoclonaL Antibody Inhibition Combined with Statin ThErapy -- Thrombolysis In Myocardial Infarction -- 57 (LAPLACE‐TIMI‐57), LAPLACE‐2, Stud**Y** of LDL‐Cholesterol Reduction Using a Monoclonal PCS**K**9 **A**ntibody in Japanese Patients **W**ith **A**dvanced Cardiovascular Risk -- 1 (YUKAWA‐1), and YUKAWA‐2) in both networks, all of which were 12 weeks in duration. There was 1 additional study of evolocumab (DESCARTES[30](#jah32489-bib-0030){ref-type="ref"}) in the 420 mg QM network that was 52 weeks in duration. All studies compared evolocumab to placebo, and 1 study[29](#jah32489-bib-0029){ref-type="ref"} (LAPLACE‐2) also included a comparison with ezetimibe.

In total, there were 9 studies of alirocumab[37](#jah32489-bib-0037){ref-type="ref"}, [38](#jah32489-bib-0038){ref-type="ref"}, [40](#jah32489-bib-0040){ref-type="ref"}, [41](#jah32489-bib-0041){ref-type="ref"}, [45](#jah32489-bib-0045){ref-type="ref"}, [46](#jah32489-bib-0046){ref-type="ref"}, [47](#jah32489-bib-0047){ref-type="ref"}, [48](#jah32489-bib-0048){ref-type="ref"} in the Q2W network (McKenney 2012 and ODYSSEY COMBO I and II, OPTIONS I and II, CHOICE I, JAPAN, HIGH FH, and LONG‐TERM), of which 2 (McKenney 2012 and CHOICE I) were included in the QM network.[37](#jah32489-bib-0037){ref-type="ref"}, [41](#jah32489-bib-0041){ref-type="ref"}, [48](#jah32489-bib-0048){ref-type="ref"} Alirocumab studies were 12 to 104 weeks in duration. All studies reported 12‐ and 24‐week data except 1 that reported 24‐week data only (in the network meta‐analyses, the 12‐week data were used except for the study in which it was not available). The alirocumab 75‐ and 150‐mg Q2W doses were included as separate therapies in the Q2W network, and the 300‐mg QM dose was included in the QM network. Six studies compared alirocumab to placebo, and 3 studies[38](#jah32489-bib-0038){ref-type="ref"}, [47](#jah32489-bib-0047){ref-type="ref"} (ODYSSEY COMBO II and ODYSSEY OPTIONS I and II) compared alirocumab 75 mg Q2W to ezetimibe.

Finally, there was 1 eligible study[44](#jah32489-bib-0044){ref-type="ref"} comparing ezetimibe to placebo (Masana 2005).

Risk of bias was assessed by judging how well all included studies reported across 8 domains of the Cochrane Risk of Bias Assessment Tool (Figure [S2](#jah32489-sup-0001){ref-type="supplementary-material"}). In this article we focus on those studies that were included in the primary analysis LDL‐C networks. All evolocumab studies[29](#jah32489-bib-0029){ref-type="ref"}, [30](#jah32489-bib-0030){ref-type="ref"}, [34](#jah32489-bib-0034){ref-type="ref"}, [35](#jah32489-bib-0035){ref-type="ref"}, [36](#jah32489-bib-0036){ref-type="ref"} had low risk of bias across all criteria. The risk of bias in 5 alirocumab studies[37](#jah32489-bib-0037){ref-type="ref"}, [38](#jah32489-bib-0038){ref-type="ref"}, [40](#jah32489-bib-0040){ref-type="ref"}, [41](#jah32489-bib-0041){ref-type="ref"}, [46](#jah32489-bib-0046){ref-type="ref"}, [47](#jah32489-bib-0047){ref-type="ref"}, [48](#jah32489-bib-0048){ref-type="ref"}, [49](#jah32489-bib-0049){ref-type="ref"} was unclear in at least 1 area. The most common reason for an unclear risk of bias was insufficient reporting of allocation of concealment and randomization methods.

Lipid‐Lowering Efficacy of Evolocumab Compared to Other Therapies {#jah32489-sec-0013}
-----------------------------------------------------------------

Direct head‐to‐head comparisons are displayed in Figure [S3](#jah32489-sup-0001){ref-type="supplementary-material"}.

Treatment differences between lipid‐lowering therapies for the percentage reduction in LDL‐C from baseline are displayed in Figure [3](#jah32489-fig-0003){ref-type="fig"} for evolocumab at the mean of weeks 10 and 12 versus comparators at ≥12 weeks and in Figure [S3](#jah32489-sup-0001){ref-type="supplementary-material"} for evolocumab at week 12 versus comparators at ≥12 weeks. All treatment differences between evolocumab 140 mg, alirocumab 75 mg, alirocumab 150 mg, or ezetimibe and placebo were statistically significant.

![Treatment difference in percentage LDL‐C change (95% credible interval) in response to evolocumab 140 mg Q2W network (A) or evolocumab 420 mg QM network (B): evolocumab at the mean of weeks 10 and 12 vs comparator at ≥12 weeks. LDL‐C indicates low‐density lipoprotein cholesterol; Q2W, every 2 weeks; QM, every month.](JAH3-6-e005367-g003){#jah32489-fig-0003}

Among PCSK9 inhibitors, evolocumab had a greater LDL‐C reduction than alirocumab. For evolocumab 140 mg Q2W at the mean of weeks 10 and 12 versus comparators at ≥12 weeks, the treatment difference versus alirocumab 75 mg was −20.03% (95% CrI −27.32% to −12.96%) and −13.63% (95% CrI −22.43% to −5.33%) compared with alirocumab 150 mg. The treatment difference between evolocumab 420 mg QM and alirocumab 300 mg QM was −19.21% (95% CrI −28.52% to −10.35%) for evolocumab at the mean of weeks 10 and 12 and comparators at ≥12 weeks. Treatment differences were similar for evolocumab at week 12 versus comparators at ≥12 weeks (Figure [S1](#jah32489-sup-0001){ref-type="supplementary-material"}).

We also conducted a post hoc analysis of evolocumab 140 mg Q2W and 420 mg QM combined as 1 treatment arm at the mean of weeks 10 and 12 versus alirocumab 75 mg (−18.32%, 95% CrI −24.30% to −12.40%) or 150 mg (−11.06%, 95% CrI −18.72% to −3.73%) Q2W at ≥12 weeks (Figures [S4A and S5A](#jah32489-sup-0001){ref-type="supplementary-material"}). Another post hoc analysis included all studies that met inclusion criteria, regardless of the background therapy (eg, ezetimibe, other lipid‐lowering therapies, low‐intensity/no statin) (Figures [S4B and S5B](#jah32489-sup-0001){ref-type="supplementary-material"}): evolocumab 140 mg Q2W at the mean of weeks 10 and 12 versus alirocumab at weeks ≥12 was −16.76% (95% CrI, −22.54% to −11.02%) for 75 mg Q2W and −9.88% (95% CrI, −17.60% to −2.29%) for 150 mg Q2W.

Direct meta‐analyses suggested that high statistical heterogeneity (I^2^≥70%) was observed for some comparisons. This was investigated using sensitivity analyses (excluding studies conducted in Japan[35](#jah32489-bib-0035){ref-type="ref"}, [36](#jah32489-bib-0036){ref-type="ref"}, [45](#jah32489-bib-0045){ref-type="ref"} \[YUKAWA‐1, YUKAWA‐2, and ODYSSEY‐JAPAN\], and also ODYSSEY HIGH FH[39](#jah32489-bib-0039){ref-type="ref"}). Sensitivity analyses of direct head‐to‐head comparisons did not substantially change the results but did reduce the statistical heterogeneity (Figure [S3](#jah32489-sup-0001){ref-type="supplementary-material"}). In the network meta‐analysis, moreover, we performed several sensitivity analyses excluding studies conducted in Japan[35](#jah32489-bib-0035){ref-type="ref"}, [36](#jah32489-bib-0036){ref-type="ref"}, [45](#jah32489-bib-0045){ref-type="ref"} or ODYSSEY HIGH FH,[39](#jah32489-bib-0039){ref-type="ref"} all of which drove heterogeneity (Figure [S6](#jah32489-sup-0001){ref-type="supplementary-material"}). In general, the conclusions of these sensitivity analyses with regard to percentage LDL‐C reduction were consistent in direction and statistical significance with the main analyses, although the magnitudes changed slightly.

Networks were developed for other lipid end points (Figures [S4C through S4E](#jah32489-sup-0001){ref-type="supplementary-material"}). Network meta‐analysis of HDL‐C results demonstrated a moderate increase from baseline associated with evolocumab and alirocumab compared with placebo or ezetimibe. Network meta‐analysis results for non‐HDL‐C were similar in direction and magnitude to LDL‐C results; the same was true of the results for ApoB and Lp(a), although the networks were smaller for these comparisons (Figure [S7](#jah32489-sup-0001){ref-type="supplementary-material"}).

Safety {#jah32489-sec-0014}
------

There were no statistically significant differences in the risk of any, treatment‐related, or serious AEs between evolocumab, alirocumab, or ezetimibe and placebo except for the QM doses of evolocumab and alirocumab (Table [2](#jah32489-tbl-0002){ref-type="table"}). Evolocumab 420 mg and alirocumab 300 mg QM resulted in risk ratios of treatment‐related AEs of 1.47 (95% confidence interval 1.03--2.09) and 1.17 (95% confidence interval 1.01--1.35) compared with placebo. There were, however, very few treatment‐related AEs, and none was considered serious.

###### 

Risk Ratio (95% CI) for Occurrence of Any AE, Treatment‐Related AE, and Serious AE

  Comparison                         Any AE             Treatment‐Related AE   Serious AE
  ---------------------------------- ------------------ ---------------------- -------------------
  Evolocumab 140 mg Q2W vs placebo   1.10 (0.93‐1.29)   1.10 (0.42‐2.85)       0.96 (0.44‐2.09)
  Evolocumab 420 mg QM vs placebo    1.03 (0.91‐1.18)   1.47 (1.03‐2.09)       0.91 (0.38‐2.16)
  Alirocumab 75 mg Q2W vs placebo    1.06 (0.92‐1.22)   1.25 (0.87‐1.81)       1.00 (0.74‐1.34)
  Alirocumab 150 mg Q2W vs placebo   1.25 (0.76‐2.08)   NR                     1.05 (0.40‐2.75)
  Alirocumab 300 mg QM vs placebo    1.26 (0.89‐1.79)   1.17 (1.01‐1.35)       1.03 (0.07‐15.78)
  Ezetimibe vs placebo               1.04 (0.89‐1.21)   1.17 (0.68‐2.00)       0.77 (0.44‐1.36)

AE indicates adverse event; CI, confidence interval; NR, not reported; Q2W, every 2 weeks; QM, monthly.

Discussion {#jah32489-sec-0015}
==========

Our systematic review of lipid‐lowering therapies added to medium‐ to high‐intensity statin therapy and subsequent network meta‐analysis confirms the substantial LDL‐C reductions of PCSK9 inhibitors versus placebo or ezetimibe in individual trials. Among the PCSK9 inhibitors, evolocumab appeared to have a greater reduction than alirocumab (75 mg Q2W, ≈20%; 150 mg Q2W, ≈10%; 300 mg QM, ≈20%). These treatment differences were directionally consistent in the various analyses we conducted (ie, exclusion of studies leading to heterogeneity, variation of dosing amount and interval, broader background therapy spectrum). There was also some evidence of proportional treatment differences between evolocumab and other therapies in HDL‐C, non‐HDL‐C, ApoB, and Lp(a). The incidence of AEs was similar between individual therapies and placebo except for significantly higher treatment‐related AEs for evolocumab and alirocumab QM versus placebo.

Our work provides information on PCSK9 inhibitors and ezetimibe added to statin therapy in those requiring further LDL‐C reduction. The trials generally evaluated patients either with CVD or at high risk of a CVD event, which is the expected target population for PCSK9 inhibitors both now and after cardiovascular outcomes trials for these medications are completed.[50](#jah32489-bib-0050){ref-type="ref"}, [51](#jah32489-bib-0051){ref-type="ref"} We also characterized the reductions observed for PCSK9 inhibitors in other parameters including non‐HDL‐C and Lp(a). Non‐HDL‐C is emerging as a meaningful measure of CVD event risk,[52](#jah32489-bib-0052){ref-type="ref"} and Lp(a) is associated with CVD event risk but is not reduced by statins.[53](#jah32489-bib-0053){ref-type="ref"}, [54](#jah32489-bib-0054){ref-type="ref"}

Finally, we analyzed dose‐specific LDL‐C reductions between PCSK9 inhibitors, which have not been a focus of published meta‐analyses.[16](#jah32489-bib-0016){ref-type="ref"}, [17](#jah32489-bib-0017){ref-type="ref"}, [18](#jah32489-bib-0018){ref-type="ref"} The classwide reduction of LDL‐C with PCSK9 inhibitors observed in these meta‐analyses[16](#jah32489-bib-0016){ref-type="ref"}, [17](#jah32489-bib-0017){ref-type="ref"}, [18](#jah32489-bib-0018){ref-type="ref"} is consistent with what we observed in the comparison of individual PCSK9 inhibitors versus placebo or ezetimibe.

In our network meta‐analysis we found evidence of a significantly greater reduction of evolocumab versus alirocumab. The treatment difference of evolocumab 140 mg Q2W versus alirocumab 75 mg was larger than the comparison to alirocumab 150 mg. The treatment difference between evolocumab 420 mg QM versus alirocumab 300 mg QM reflected the fact that more of the study drug was administered to patients treated with evolocumab than to those treated with alirocumab. The treatment difference between evolocumab and alirocumab was directionally consistent in the various analyses we conducted. Our approach differed from that of other meta‐analyses by analyzing evolocumab and alirocumab separately. Lipinski and colleagues[17](#jah32489-bib-0017){ref-type="ref"} and Li and colleagues[16](#jah32489-bib-0016){ref-type="ref"} analyzed PCSK9 inhibitors as a class. Navarese and colleagues\' meta‐analysis[18](#jah32489-bib-0018){ref-type="ref"} likewise considered the class in the primary analysis but suggests, in a secondary analysis, that there was a significantly greater reduction in LDL‐C with evolocumab versus placebo than alirocumab versus placebo.

We studied other atherogenic lipids when the data were available, and the direction and magnitude of treatment differences between the lipid‐lowering therapies were in line with those for LDL‐C. HDL‐C was increased modestly with evolocumab compared with other therapies, but the difference was not always significant. Non‐HDL‐C and ApoB were reduced, as expected, in line with LDL‐C. Lp(a) was reduced by ≈38% with evolocumab versus placebo, and there was a modest treatment difference favoring evolocumab versus alirocumab. This estimated modest ≈9% to 14% difference in Lp(a) is of uncertain clinical significance. Other meta‐analyses found similar results in the PCSK9 class as a whole.[16](#jah32489-bib-0016){ref-type="ref"}, [17](#jah32489-bib-0017){ref-type="ref"}, [18](#jah32489-bib-0018){ref-type="ref"}

There are limitations to this review. In terms of comparing the LDL‐C--lowering capacity of PCSK9 inhibitors to each other, to date there have been no such head‐to‐head studies that would be the best way to remove any potential residual confounders. Thus, this review is limited by the quantity and quality of the data available from the included clinical trials. Additionally, because 75 and 150 mg Q2W were not studied in a parallel‐group trial, FDA review[55](#jah32489-bib-0055){ref-type="ref"} concluded that there is lack of availability of a well‐characterized estimate of the treatment effect for each dose. Another limitation of our analysis is that most of the studies included in the networks were relatively short‐term (mostly 12 and 24 weeks). Longer‐term follow‐up studies of evolocumab and alirocumab have not shown evidence of loss of efficacy or increased rates of AEs.[30](#jah32489-bib-0030){ref-type="ref"}, [46](#jah32489-bib-0046){ref-type="ref"}, [50](#jah32489-bib-0050){ref-type="ref"}, [56](#jah32489-bib-0056){ref-type="ref"}

Conclusions {#jah32489-sec-0016}
===========

Based on network meta‐analyses, the PCSK9 inhibitors evolocumab and alirocumab were associated with reductions in LDL‐C of 54% to 74% versus placebo and 26% to 46% versus ezetimibe in patients not adequately controlled by statins alone. Recognizing the limitations of indirect comparison, our synthesis of the available data shows a greater reduction with evolocumab in LDL‐C versus alirocumab 75 mg Q2W with evidence also suggesting more intense LDL‐C reduction versus alirocumab 150 mg Q2W. There was some evidence to suggest that evolocumab may also significantly increase HDL‐C and decrease non‐HDL‐C, ApoB, and Lp(a) levels in comparison to alirocumab and other treatments. Further research is needed into the effects of evolocumab and alirocumab on the risk of cardiovascular events.

Author Contributions {#jah32489-sec-0017}
====================

All authors contributed to the scope and content of the article before the outline was composed, and all authors approved the final draft for submission.

Sources of Funding {#jah32489-sec-0019}
==================

Amgen sponsored the systematic review and network meta‐analysis, which was conducted by Kleijnen Systematic Reviews, Ltd under contract to Amgen. This systematic review and network meta‐analysis was sponsored by Amgen Inc, as were all studies of evolocumab included in the analysis.

Disclosures {#jah32489-sec-0020}
===========

Toth has received consulting and speakers\' bureau fees from Amarin, Amgen, Kowa, Merck, Regeneron, and Sanofi and consulting fees from Gemfire. Sattar has received consulting fees from Amgen and has presented at an Amgen‐ and Sanofi‐sponsored symposium. Stroes has participated in Amgen, Sanofi, and Pfizer clinical trials; received consulting fees from Amgen, Sanofi, Merck, Novartis, Cerenis, and Ionis; has nonremunerative positions of influence at Ionis and Chiesi; and is on the speakers\' bureau for Medcon Europe. Worthy, Deshpande, Forbes, and Ross are employees of Kleijnen Systematic Reviews Ltd. Kleijnen is owner and director of Kleijnen Systematic Reviews Ltd. Worth, Bray, Bridges, and Gandra are employees and stockholders of Amgen Inc. Cheng is a stockholder and former employee of Amgen Inc. Dent is an employee and stockholder of Esperion Therapeutics Inc and a stockholder and former employee of Amgen Inc.

Supporting information
======================

###### 
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**Table S1.** Methodology and Characteristics of Included Studies

**Table S2.** Studies Retrieved by the Systematic Review but Excluded From the Network Meta‐Analysis Shaded rows are included in a sensitivity analysis but not in the main.

**Figure S1.** Treatment difference in percentage LDL‐C (95% credible interval) change from baseline, evolocumab 140 mg Q2W (A) or evolocumab 420 mg QM (B) at week 12 vs comparator at week 12 analyses.

**Figure S2.** Risk of bias assessed in 69 trials.

**Figure S3.** Direct meta‐analyses of LDL‐C reduction.

**Figure S4.** Network for comparing other lipids with evolocumab 140 mg Q2W vs other therapies. AliMab indicates alirocumab; ApoB, apolipoprotein B; EvoMab, evolocumab; EZE, ezetimibe; HDL‐C, high‐density lipoprotein‐cholesterol; Lp(a), lipoprotein(a); non‐HDL‐C, nonhigh‐density lipoprotein‐cholesterol; Q2W, every 2 weeks; QM, every month. Study acronym definitions are available in the source references.

**Figure S5.** Treatment difference in percentage LDL‐C (95% credible interval) change A, Evolocumab 140 mg Q2W and 420 mg every month combined at the mean of weeks 10 and 12 vs comparator at ≥12 weeks. B, Evolocumab 140 mg Q2W at the mean of weeks 10 and 12 vs comparator at ≥12 weeks with any background therapy.

**Figure S6.** Sensitivity analysis: treatment difference in percentage LDL‐C (95% credible interval) change from baseline, evolocumab 140 mg Q2W at the mean of weeks 10 and 12 vs comparator at ≥12 weeks (A) excluding Japan studies; (B) ODYSSEY HIGH FH. Evolocumab 420 mg every 4 weeks at weeks 10 and 12 vs comparator at ≥12 weeks (C) excluding studies conducted in Japan.

**Figure S7.** Treatment difference in percentage (95% credible interval) change from baseline, evolocumab 140 mg Q2W at the mean of weeks 10 and 12 vs comparator at ≥12 weeks: (A) HDL‐C; (B) non‐HDL‐C; (C) ApoB; (D) Lp(a).
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